Objective. To compare the quality of hospital care for New Zealand (NZ) Māori and NZ European adult patients, using the rate of unplanned readmission or death within 30 days of discharge as an indicator of quality.
Introduction
There is robust evidence for ethnic/racial disparities in the quality of care. However, much of this research comes from the USA that has a particular organizational approach to the provision of health care. US hospitals primarily employ fee-for-service schemes, with co-payment required by insurance providers or the individual patient. Consequently, ethnic disparities in hospital-based quality of care may in part reflect the impact of material disadvantage on the accessibility of hospital care at the systems level. If so, ethnic disparities in hospital care may be less evident in countries that provide this care at no direct cost to their patients. This study considers New Zealand (NZ) public hospitals that deliver acute inpatient services 'free of charge' to all NZ residents. This approach to hospital care is also employed by other health systems, such as those of the UK, Australia and Canada. The existence of ethnic health-care disparities within NZ hospitals may indicate the influence of underlying crosscontextual factors that are independent of the funding arrangements of hospital care.
Specifically this study investigates the quality of care for Māori compared to the European population in public hospitals of NZ. Māori are the indigenous people of NZ, who make up approximately 15% of the four million population [1] ; recent studies suggest unequal (and poorer) treatment for this group, in particular for those requiring obstetric and cancer care [2] [3] [4] and in the incidence of preventable adverse events [5] .
We use unplanned readmission/death as an indicator of the quality of care. An association between readmission rate and quality of care has been shown in a range of epidemiological studies [6, 7] . As a direct representation of morbidity, readmission is an outcome of importance for patients. It is also of interest for health service funders: Anderson and Steinberg demonstrated that the 23% of patients who experienced at least one readmission in the 4 years of their study consumed 80% of the hospital expenditure for that period [8] , and Medicare estimates that potentially preventable readmissions cost them $12 billion annually [9] .
Methods
The average rate of readmission in NZ adults and the population counts of the Māori and NZ European ethnic groups were used to estimate the required sample size. Based on this calculation, we obtained a subset of the National Minimum Data Set (NMDS, routinely collected data on all patients admitted to hospitals nationally) from the New Zealand Health Information Service (NZHIS) for July 2002-June 2008.
We identified patients who had experienced one of a defined set of surgical procedures as part of a public hospital admission (coded as '01' in 'facility type' field of the NMDS): inguinal hernia repair, appendicectomy, coronary artery bypass graft, cholecystectomy, knee arthroplasty, hip arthroplasty, minimally invasive procedures for benign prostatic hypertrophy, removal of cataracts and hysterectomy (International Classification of Disease version 10 codes noted in the Appendix). These procedures were selected to improve the validity of the indicator as a proxy for quality (surgical readmissions being more 'avoidable' than medical readmissions) [10, 11] and reflected the most commonly performed procedures at NZ public hospitals 2001/2002 (excluding those that were investigatory only and those related to the treatment of malignancy).
Other inclusion criteria included: NZ Māori or NZ European ethnicity, age 18 years or over, NZ residents, minimum one night length of stay, 'routine admission source' (excludes patients transferred from other facilities) and discharge to home (coded as 'DR' in the 'event end type' field of the NMDS). Patients who self-discharged against medical advice were excluded.
Key variables
'Ethnicity' data are collected from all individuals on admission to hospital, and several ethnic groups can be nominated. The NZHIS supplied the ethnic group identified at the index admission using a prioritization approach-an individual was considered to be Māori if any of their nominated ethnic groups was Māori, and the NZ European group included those who had identified only as NZ European. Whereas there have been reports of inaccurate ethnicity data in hospital records [12] , previous work has shown that this source correlates well with ethnic identity obtained by self-administered survey [13] . The 'index admission' was the first relevant inpatient admission during the period of observation.
'Readmission' was the subsequent unplanned admission within 30 days of discharge ('unplanned' indicated by 'AC' or 'ZC' in the 'admission type' field of the NMDS). 'Readmission rate' was calculated as the number of distinct patients experiencing an unplanned public hospital admission or death in the community within 30 days of discharge following an index admission, divided by the number of distinct patients discharged alive within the reference period. 'Socioeconomic position' was estimated with the NZDep2001 indicator. This measure uses 9 material and social variables to calculate a deprivation score from 1 (least deprived) to 10 (most deprived) for a particular census mesh-block area [14] . These blocks are geographical units containing approximately 100 people, as defined by Statistics New Zealand. This index is a proxy indicator of deprivation for the people who live within those small areas and has been used in research to reflect socio-economic position [5] . 'Comorbidity' was estimated using the Charlson Comorbidity Index. This measure is formed from the previously demonstrated associations of 19 conditions (or categories of conditions) with 1-year mortality, each allocated a weight of 1-6 and summed to give an overall score [15] . We used ICD-10-AM codes from the 10 diagnosis fields available in our dataset at index admission to calculate a Charlson comorbidity score for each individual and categorized it into 4 strata (0, 1,2 and 3+). 'Hospital volume' was a three-category variable based on the hospital's annualized discharge volume for the specified procedures.
Data analysis
Descriptive analyses. The distribution of characteristics between the two ethnic groups was compared with age-sex standardized proportions (P-values calculated with the Pearson's Chi-squared test). The 1996-2000 NZ Māori population according to the 2001 NZ census was used as the external standard, and a hypothetical sex distribution of 1:1 males and females assumed.
Multivariable analyses. Logistic regression models were created to investigate the association between ethnicity and unplanned readmission/death, with variables added stepwise to control for the impact of confounders. The choice of the covariates reflects evidence from the published literature regarding correlates and confounders of readmission risk (for example: age, sex, case mix and comorbidity [16, 17] ). Although investigated as a potential covariate, length of stay was not included in the final model. The literature suggests that this variable may be an indicator of quality in its own right [18] . As such, including this term may 'over-control' the model and underestimate the impact of ethnic group on the outcome.
Results
A total of 89 658 subjects met our eligibility criteria. However, 312 patients (0.3%) who had experienced more than 1 of the index procedures were excluded, as were an additional 256 patients with missing information for the deprivation variable, leaving a final sample of 89 090 for the multivariate analyses (total excluded = 568, 0.63%). NZ European patients were older (mean difference in age 11.1 years) and more likely to be male and reside in the least deprived areas when compared with the NZ Māori group. They were also more likely to have a shorter stay in hospital, a lower level of comorbidity and be admitted at the highest volume hospitals. NZ Māori and NZ Europeans had different patterns in index procedure, with proportionally more NZ Māori experiencing inguinal hernia repairs, cholecystectomies and hip arthroplasty operations and less having appendicectomies, knee arthroplasty, procedures for benign prostatic hypertrophy or cataract operations. (See Table 1 ).
Overall, 9.0% of sample (8018 of 89 090) experienced unplanned readmission/death; the crude rate was 8.8% for NZ Europeans and 9.9% for NZ Maori. Table 2 gives the association between ethnic group and unplanned readmission/ death for two logistic regression models. The first includes only pure confounders (age and sex-Model 1), the second also incorporates variables for socioeconomic position, comorbidity, index procedure and hospital volume (Model 2). Proportions (%) adjusted for age and sex using direct standardization against the 2001 Māori census population, with the exception of the age (unadjusted) and sex (adjusted for age only) comparisons. Hospital volume stratum 1 = proportion experiencing index admission in facilities performing on average >1500 of the selected surgical procedures per year over the study period; stratum 2 = proportion experiencing index admission in facilities performing on average 500-1500 of the selected surgical procedures per year over the study period; stratum 3 = proportion experiencing index admission in facilities performing on average <500 of the selected surgical procedures per year over the study period. Unplanned readmission/death was more likely in older age groups, women, those with higher comorbidity scores, lower socioeconomic position and those attending higher volume hospitals. There was significant variation in the odds ratio of unplanned readmission/death according to index procedure, ranging from 0.48 (95% CI 0.40-0.59) for the removal of cataracts to 1.75 (95% CI 1.56-1.96) for those experiencing coronary artery bypass grafting when compared with that of the reference group (appendicectomy).
The age-sex-adjusted analysis shows 19% higher odds of unplanned readmission/death for Māori when compared with NZ Europeans (odds ratio 1.19, 95% CI 1.12-1.27). The association weakened as clinical and hospital variables were added (indicating confounding from these factors), producing a final odds ratio of unplanned readmission/death for Māori of 1.16 (1.08-1.24). The inclusion of length of stay into this model reduced the odds ratio of unplanned readmission/death of the principal finding to 1.13 (95% CI 1.05-1.21); however, for the reasons discussed above, this term was not included in the final model.
Discussion
This study has some key strengths, including its replicability and the high degree of precision in its findings. We considered Hospital volume stratum 1 = proportion experiencing index admission in facilities performing on average >1500 of the selected surgical procedures per year over the study period; stratum 2 = proportion experiencing index admission in facilities performing on average 500-1500 of the selected surgical procedures per year over the study period; stratum 3 = proportion experiencing index admission in facilities performing on average < 500 of the selected surgical procedures per year over the study period. IH, inguinal hernia repair; APP, appendicectomy; CABG, coronary artery bypass graft; CH, cholecystectomy; KA, knee arthroplasty; HA, hip arthroplasty; BPH, procedures for benign prostatic hypertrophy; CAT, removal of cataracts; HYST, hysterectomy.
several sources of bias that may operate when using readmission to assess health-care quality. In particular, the validity of the readmission indicator was enhanced through its definition. Readmission was limited to a 30-day period post-discharge and restricted to unplanned acute admissions. This reduced the impact of 'false positive' readmissions-that is, unavoidable events unrelated to the quality of care, so improving the specificity of the indicator as a proxy of quality [10] . Case mix also affects the validity of this marker (with readmissions occurring after surgery having a greater specificity for quality than those occurring after medical admissions [10, 11] ), and so, like some other researchers [19] [20] [21] , eligibility was restricted to patients experiencing one of a defined set of surgical procedures only. It is not known how the estimates may have differed had medical or other surgical patients been included. However, the conditions and clinical teams implicated in the study sample were varied-including gynecology, urology, orthopedic, general surgery, ophthalmology and cardiology specialities. Given this diversity and the large national sample, the processes contributing to the comparatively higher risk for NZ Māori are unlikely to be specific to this cohort of patients. That is, the same factors that contribute to this increase in readmission/death are likely to also affect other inpatients, irrespective of their pathology. As recommended [22] , death is included in the numerator of the rate, and readmissions were not restricted to the same hospital as the index admission. Sources of selection and information bias were additionally minimized with exclusion criteria, the use of full population data and by limiting the number of readmissions per person to one per 30-day period.
The primary limitation of this study reflects the use of unplanned readmission/death to approximate inpatient quality of care. Although the eligibility criteria and definition of readmission aim to increase the specificity and sensitivity of readmission as a proxy for quality, the indicator is still likely to mismeasure this construct. That is, there will be factors unrelated to quality that also contribute to the ethnicity-readmission association. For example, Māori patients may have less social support (although there is no evidence to suggest this) and hospital readmission practices may rightly consider the availability of social support when deciding to readmit. Similarly, there may be residual confounding by disease severity or case complexity. This study considered the impact of this factor through its minimum length of stay criterion (excluding uncomplicated day-stay patients who may have an inherently lower risk of readmission) and the adjustment of 'upstream' factors associated with case severity (age, comorbidity and case mix). Nonetheless, it is possible that clinical severity may contribute to the increased odds of this outcome for Maori.
The NZDep, although technically an ecological variable based on a small area unit, is an appropriate indicator to use when considering factors that may influence the quality of health services. First, the NZDep is a composite index based on 10 individual-level census variables (e.g. income and housing tenure), 'averaged' out over about 100 people living in the smallest census unit. Given its calculation over such a small grouping of people, it is likely to be a good proxy for individual-level deprivation. Furthermore, when you consider the potential for misclassification in traditional measures of socioeconomic position (e.g. income based on self-recalled gross income), there is much to commend NZDep to reflect socioeconomic position if only one measure can be used. (Ideally, one would adjust for NZDep and multiple individuallevel indicators to fully capture the complex and multidimensional construct of socioeconomic position, but data availability precludes this.) Second, there is some merit in having an areabased measure as the sole measure of socioeconomic position, given that access to and quality of health services is likely to have contextual determinants as well as individual-level ones. That all said, had we been able to adjust for multiple measures of socioeconomic position, the association of ethnicity with readmission may have weakened further. But, given that adjusting for NZDep reduced the odds ratio by only 0.03, it is unlikely that further adjustment for other measures of socioeconomic position would have taken the estimate to the null.
It is difficult to quantify the impact of residual confounding in our analyses. However, on balance, we consider that the increased risk of unplanned readmission/death for Māori when compared with NZ Europeans is unlikely to be completely the result of bias. Firstly, this finding is consistent with research suggesting ethnic disparities in NZ hospital care, studies that employ a variety of quality indicators in diverse clinical populations [2, 3] . Secondly, the covariates had a minimal impact on the calculated estimate-the odds of unplanned readmission/death altered from only 1.19 to 1.16 between Models 1 and 2, despite the inclusion of four additional variables. Although other factors may have a role in altering the ethnicity-readmission association independently of quality, it is unlikely that the collective impact of these variables could be responsible for the disparity in readmission.
The extent to which the ethnicity-readmission association observed in this study represents a causal and underlying ethnicity-quality of care association is difficult to determine. Quality of care is problematic to measure directly -hence the need for indicators of this construct -yet, readmission as a proxy is also determined by factors other than quality. However, reflecting on the findings of this study and that of other research, it seems highly probable that the NZ Māori patients in this study experienced a poorer quality of hospital care when compared with NZ Europeans and that this is in part responsible for the increased odds of unplanned readmission/death among Māori. The findings of this research are also consistent with studies from the USA [23] , Canada [24] and Australia [25] . One issue that may be common to health systems internationally is the familiarity of a patient with the language, bureaucracy, services and setting of the health-care institution-achieving quality health care may be easier for patients who share the cultural paradigm within which services are organized and delivered. Countries with a history of colonization or bureaucratic dominance by one ethnic group-such as the USA, Canada, NZ and Australia−may have developed health services that primarily reflect the cultural context of the majority White population. That is, hospitals may deliver disparate care to members of minority ethnic and racial groups in part because the diagnoses, treatment modalities, care settings and staff are more responsive to the lifestyles and health philosophies of the majority population.
Equity is a key dimension of health-care quality, with the monitoring and comparison of quality indicators by ethnicity important to promote equitable health services. Disparities in care are unethical and potentially uneconomic. The occurrence of ethnic disparities in hospital care in unrelated populations and dissimilar health systems across the globe indicates there may be cross-contextual factors, independent of health system organization and funding arrangements, that make disparate care based on the ethnicity more likely.
Conclusion
This study used a commonly used indicator of quality and sought to minimize the impact of random and systematic error in its design and analyses. A 16% increase in the likelihood of unplanned readmission/death for NZ Māori when compared with NZ Europeans is a substantial increase in risk for this group. Although there may be error associated with the use of readmission to measure quality of care, the results suggest that the NZ Māori in this study received a lower standard of hospital care.
The measurement of quality is a challenging empirical task, and there is an urgent need for better indicators of health-care quality to be used in research and monitoring. There is also an indication for research exploring how to best assess ethnic health-care disparities while minimizing measurement error of quality of care. The investigation of factors that may contribute to ethnic disparities in care across international settings would also help our understanding of this issue.
